The most important problems of modern dentistry cover not only the early diagnosis but also prevention of dental caries, including the one based on the use of various hygienic products and therapeutic agents. Normally, the processes of re-and demineralization in the oral cavity are in a state of dynamic. However, in the presence of cariogenic factors, the balance is shifted towards demineralization. In the event of initial caries, enamel remineralization is possible only to a certain extent, and specifically, for a reversible degree of carious lesion. There was an idea about structural changes in polymer-based consumable dental materials including toothpastes. The purpose of the study is to increase the efficiency of dental caries prevention based on the activation of metabolic processes in dental hard tissues with the use of R.O.C.S. Active Calcium toothpastes (Russian-Swiss BDRC-Group^company) modified by an electromagnetic field. As a result of the experimental part of the study, certain changes in the properties of the R.O.C.S. Active Calcium toothpastes under the electromagnetic field influence including microstructural transformation of the toothpaste (an increase in the size of the polymer matrix particles and a decrease in the distance between them confirmed by the electron microscopy findings), confirmed by the transmission electron microscopy results. The investigations with the help of X-ray microanalysis made it possible to clarify the chemical composition of the surface layer of the tooth enamel, for the first time to reveal in detail the concentration of micro-and macroelements of organic and inorganic nature, to trace the changes occurring under controlled tooth cleaning with the R.O.C.S. Active Calcium toothpaste treated with an electromagnetic field. The obtained results promote the further studies of laws in change of physical and mechanical properties of treatment-and-prophylactic means under the electromagnetic field influence in respect of dental caries preventive maintenance efficiency increase.
Background In the twenty-first century, tooth decay remains the main problem of dentistry due to the high prevalence among the world population according to the World Health Organization [1] [2] [3] . In connection with this, the most important tasks of modern dentistry cover not only early diagnosis but also prevention of dental caries including the one based on the use of various hygienic products and therapeutic agents [1, 4] .
Nowadays, more and more therapies are used both to prevent the development of caries and to treat its initial stage. However, in a number of cases, we do not know the delicate mechanisms of these processes. All this indicates the necessity and importance of studying the chemical composition of tooth tissues, especially, enamel with the aim of effective control over the maturation and remineralization processes that make dental caries prevention and treatment effective [4] [5] [6] [7] .
Normally, the processes of re-and demineralization in the oral cavity are in a state of dynamic equilibrium. However, in the presence of cariogenic factors, the balance is shifted towards demineralization. Enamel resistance to dental caries depends on internal and external factors, but one of the leading one is dental plaque. The accumulation of positive (mineral) components from toothpastes in dental plaque is the main factor providing enamel exchange processes; therefore, dental enamel permeability as a physiological indicator of resistance is important in solving the problem of dental caries [8, 9] .The study of tooth enamel permeability at early stages of caries development requires particular attention [10, 11] .
One of modern directions of research dedicated to dental caries prevention is based on a well-known phenomenon of remineralization of hard tooth tissues by compensating enamel mineral components. Remineralization is based on the adsorption of minerals into carious areas [4] . A criterion for the effectiveness of remineralizing solutions is the disappearance or reduction of carious spots, a decrease in the growth of dental caries. The possibility of active impact of remineralizing preparations on the degree of mineralization of enamel is now experimentally and theoretically proved [10, 12] .
The mechanism of demineralization and remineralization of enamel lies in the fact that they remain in a dynamic balance, in a Bmouth fluid-enamel^system. This causes an essential process of renewal of substances which occurs in hard tooth tissues in norm [8, 10] . The shift of the balance towards demineralization marks the beginning of pathological structural changes in tooth enamel [4, 6] . In the event of initial caries, enamel remineralization is possible only to a certain extent and, specifically, for a reversible degree of carious lesion.
At the stage of initial caries, with a partial loss of mineral substances (demineralization), free microspaces are formed but a protein matrix capable of remineralization is preserved. The increased permeability of enamel causes the penetration of calcium and phosphates ions from saliva or artificial remineralizing solutions into the demineralization area followed by the formation of hydroxyapatite crystals and the filling of enamel microspaces [4] .
If tooth enamel is saturated with organic and mineral elements (calcium, phosphorus, fluorine, magnesium) in time, it is possible to achieve its complete restoration and to increase its resistance to dental caries [5, 8] , which should be promoted by therapeutic and preventive toothpastes.
With the purpose of remineralization of hard tooth tissues, many researchers [8, 10, 12] used a wide range of remineralizing agents containing necessary mineral components such as Ca, P, F, and Mg, taking into account their compatibility and the caries static effect strength.
For a long time, the inclusion of fluoride in a toothpaste was considered an effective method of dental caries prevention [8] . The use of fluoride preparations is based on a variety of fundamental and applied research in different countries [10] [11] [12] . The effect was especially evident in children [9] .
However, in the 2000s, the studies were conducted to ascertain that fluorine is not embedded in the crystal lattice after 15 years of age (our works).
The results of a study of morphology and ultrastructure as well as the microchemical component of hard tooth tissues known since 1953 [4, 6] made it possible to detect the positive effect of various toothpaste constituents on metabolic processes in hard tooth tissues and, especially, in enamel.
A.A. Kunin's 1-month studies of tooth enamel (2004) performed with the help of scanning electron microscopy (SEM) and X-ray microchemical analysis (PMA) using various toothpastes showed the greatest effect of fluoride-containing Colgate toothpastes and, first of all, ROCS in 85% of children up to 15 years. The same author studied the content of microelements (Ca, Mg, S, F, P, Si, etc.) of tooth enamel in patients of older age groups (from 20 to 70 years old) and proved that fluorine practically does not improve metabolic processes in hard tooth tissues in these age groups and that magnesium is more important. Those results were the reason for this study [4, 8] .
Presently, the use of toothpastes containing magnesium is topical. The effectiveness of magnesium has been proved in scientific studies conducted by the Therapeutic Dentistry Department of VSMU named after N.N. Burdenko [8] .
A variety of caries prevention drugs currently complicates their choice by dentists. If you rely on methods of mass prevention, then, according to many data, the effect will be far from optimal but in certain social groups of the population it still creates the probability of a positive trend. From these perspectives, it is necessary to take into account the results of scientific research indicating various options for activating metabolic processes in hard tooth tissues. Thus, for example, the studies of metabolic processes in enamel and dentin of beavers' teeth showed an increased concentration of fluoride in temporary teeth of baby beavers and a corresponding tendency for magnesium in permanent teeth of adult beavers [4] . Other researchers stated that, with the increased content of magnesium in toothpastes, the level of metabolic processes in hard tooth tissues improves, which increases their resistance to caries [8] . This pattern was revealed in the study of enamel metabolism with due consideration of its microstructure and the movement of organic and inorganic substances through enamel tunnels [13] .
It is known that therapeutic and prophylactic toothpastes for prevention of dental caries consist of a number of components including polymers, fine inorganic filler (silicon, magnesium, calcium glycerophosphate, titanium dioxide, etc.) as well as antibacterial and foam-forming components. All components take part in the formation of the basic structure of these toothpastes and characterize their therapeutic and chemical properties.
There was an idea about structural changes in polymerbased consumable dental materials including toothpastes after the electromagnetic exposure [8, 14, 15] . The obtained effect resulted in an increase in the size of particles of the polymer base. Such a reaction can be predicted not only in toothpastes; similar effects were obtained in the study of polymer restorative materials for treatment of dental caries.
But the same polymers are found in toothpastes as well. Our long-term studies of toothpastes (especially DRC-group) showed a pronounced activity of their components; therefore we took one of the pastes for the study.
On the way to creating an Bideal^toothpaste, new technologies are being introduced that improve their physicalchemical and physical-mechanical characteristics. Special attention in improving physical-chemical characteristics of polymer-based toothpastes is given to methods of intended change of morphology of polymer-based materials by affecting them by thermal and chemical treatment, irradiation, and also by magnetic, electric, or ultrasonic fields.
The studies carried out by national and foreign scientists to detect the magnetic and electric fields impacts on the structure change in liquid polymers have shown the improvement in their physical-mechanical characteristics [3, 16, 17] .
The purpose of the study is to increase the efficiency of dental caries prevention based on the activation of metabolic processes in hard dental tissues with the use of R.O.C.S. Active Calcium toothpastes on a polymer base modified by electromagnetic field. The material obtained in the experimental and clinical study was analyzed in a series of clinical-anamnestic and clinical-laboratory tests.
Materials and methods
To carry out the experimental part of the research, we studied the polymer-based R.O.C.S. Active Calcium toothpaste produced by the Russian-Swiss BDRC-Group^company (BR.O.C.S.^(remineralizing oral care systems) is an abbreviation of the toothpastes and means of oral hygiene. The products of the R.O.C.S. brand are manufactured by DRC-Group, Russian-Switzerland Company. The name of commodity in our research study is R.O.C.S. Active Calcium toothpaste) containing such mineral components as calcium, phosphorus, silicon, and magnesium in the optimal ratio for teeth, as well as xylitol (6%)-an antibacterial component of plant origin that prevents the development of cariogenic microflora and the formation of plaque. When applied to the tooth surface, the toothpaste forms a film and ensures a gradual penetration of the active components into the surface layers of tooth enamel.
The application of the R.O.C.S. Active Calcium toothpaste was supported by patients' interviewing which showed the high prevalence of its use among the population and the fact that this toothpaste is sold in different countries. In addition, it contains active organic polymers which are more important for the reaction to electromagnetic field.
The basis for obtaining scientific data, according to the purpose and objectives, was a group of 62 people aged from 18 to 35 (i.e., with the completed mineralization of hard tooth tissues) without pronounced concomitant pathologies who had orthodontic, surgical, or periodontal indications for the removal of intact teeth. The surveyed contingent was divided into two equivalent groups consisting of 31 people (I-the study group of patients using toothpaste R.O.C.S. Active Calcium with the electromagnetic field influence; II-control group using toothpaste R.O.C.S. Active Calcium without the electromagnetic field influence). The laboratory research included the study of microstructural features of polymer-based toothpastes under the influence of electromagnetic field and without it as well as morphochemical studies involving the study of extracted teeth.
Methods of the study
To implement the study of the electromagnetic field influence on the microstructure and the physical-chemical properties of toothpastes containing polymers, a special device for polymeric materials processing in a constant electromagnetic field (EMF) was used [5, 15] . The basis of this installation is an electromagnetic inductor consisting of two movable coils of an electromagnet connected in series on a magnetic yoke. Magnetizing coils made of wire of the PSD brand are interconnected in series. The electromagnet is connected to a special power unit, from which a current of up to 12 A is applied to the winding of the coils.
The activation of a polymer by magnetic field in a fluid-like state leads to a change in its physicalmechanical characteristics. The change in the properties of the polymer is a reflection of the processes occurring in the polymer structure. The changes that occur in the polymer structure under the action of magnetic field are caused by the anisotropy of the diamagnetic susceptibility of macromolecules and their parts [5, 15] .
The toothpaste processing in the device was carried out in the following order. The toothpaste in the factory packaging was placed in the working inter-pole space for electromagnetic processing of polymeric materials in a constant electromagnetic field. The experiment was performed at a given magnetic field strength of 20 × 10 4 -24 × 10 4 A/m for 20 min.
The microstructure and the size of the toothpaste material particles were examined by transmission electron microscopy (TEM) using a Libra 120 microscope (Carl Zeiss, Germany) with an integrated OMEGA filter for studying polymer samples and a Koehler illumination system in the mode of elastically scattered electrons with an accelerating voltage of 120 kV. The technique [17] of analysis of the structure in the light-field mode of the microscope operation was applied.
The samples for TEM were prepared by immersing an amorphous carbon film (10 nm thick) fixed in a slide grid into an aqueous solution of a toothpaste dispersed by ultrasound. The sonication was performed on an ultrasonic disperser (homogenizer) Sonicator Q5003 (QSONICA, USA). Excessive moisture from the sample was removed on an impregnated filter. The average particle size of the toothpaste samples was determined according to the Jeffrey's Method [7] . Statistical processing was carried out with the Altami Studio program (version 3.4; http://altamisoft.ru; Altami LLC).
In the same manner, the R.O.C.S. Active Calcium toothpaste not subjected to preliminary treatment by electromagnetic field (EMF) was examined.
The experimental studies made it possible to determine the prerequisites for clinical study of the effects of the R.O.C.S. Active Calcium toothpaste exposed to electromagnetic field on the surface layer of tooth enamel.
Clinical research methods allowed forming groups of patients to determine indications for further laboratory studies and to justify indications for tooth extraction.
The functional state of enamel was determined using the enamel resistance (TER) test according to V.R. Okushko, L.I. Kosareva, 1983 . A drop of 1 N hydrochloric acid solution was applied to the previously cleaned vestibular surface of the central upper incisor. After 5 s, it was washed with water; the tooth was dried; a drop of 2% methylene blue solution was applied to the etching site. The degree of coloration was evaluated according to a standard 10-point blue scale. If the intensity of coloring of the etched area of enamel corresponded to a color intensity of 10-30%, a high resistance of the teeth to caries was predicted; 40-60% meant a medium degree while 70% and more meant the low one.
The obtained results made it possible to assess the tooth enamel susceptibility and resistance to dental caries in the examined patients and to detect the early signs of its initial stage.
The assessment of dental plaque cariogenicity before and after controlled tooth cleaning was carried out according to the procedure proposed by J.L. Hardwick, E.B. Manly, 1952; the acid activity was determined with the use of the colorimetric method of indicator's color changing from yellow to pale orange (0-30%); from pale orange to red (40-60%); from red to dark red (70-100%); methylene red was used as a color indicator for dental plaque. One percent of glucose solution was applied for several minutes on the tooth enamel; 0.1% aqueous solution of methylene red was applied on the surface of lower incisors. The results of staining were interpreted in the following way: the indicator was positive if the color of the stained plaque changed to red; the indicator was negative if the color did not change.
Subsequently, the examined contingent of 62 patients was divided into two equivalent groups of 31 people.
The patients form the both groups underwent controlled tooth cleaning using the R.O.C.S. Active Calcium toothpaste daily during a month. In group I, the patients were prescribed controlled tooth cleaning using the R.O.C.S. Active Calcium toothpaste (DRC-Group, Russia-Switzerland) pretreated in an electromagnetic field. The patients from group II were control subjects who used the R.O.C.S. Active Calcium toothpaste not subjected to preliminary treatment by an electromagnetic field.
To analyze the permeability of tooth enamel for toothpaste chemical components with and without the electromagnetic field influence in vitro, 12 intact teeth removed due to orthodontic, surgical and periodontal indications were assessed using quantitative X-ray spectrum microchemical analysis (XRSA) and, according to the study groups, were subjected to the controlled cleaning with the R.O.C.S. Active Calcium toothpaste during one month.
The preparation of tooth chippings for examination was as follows: the removed intact teeth were washed with running water, dried with filter paper, and then a notch (approximately 3 mm deep) was placed with a diamond disc. Using a dental carver, the sample was cut along the marked notch so that the tooth was chipped and the area of the viewed surface was not less than 0.5 cm.
The prepared chippings of the removed teeth were fixed on a holder, placed in the JEOL BJSM-638OLV^(Japan) scanning electron microscope chamber and subjected to a focused electron beam going into raster on the sample surface. The images were obtained in the secondary-electron emission regimes in a low-vacuum SEM. The research analysis of X-ray radiation gave qualitative and quantitative data on the elemental composition of the object under study.
The distribution of chemical elements in the surface layer of enamel was studied using XRSA with mapping of lateral chippings with the INCA-250 energy-dispersive analysis system. The distribution of chemical elements on the X-ray map was marked with color (red, green, blue) and characterized the level of toothpaste components penetration into the tooth enamel.
Statistical analyses
For statistical processing of the results of the study, a standard package of STATISTICA 8.0 software programs from Statsoft was used [18] . Before the statistical analysis of the results of the study, a concrete copy of the program was verified on test samples with known properties and results. Within the framework of descriptive (discriminant) statistics, the following parameters were calculated: mean and standard deviation, median and standard error of the excess, kurtosis, asymmetry, minimum and maximum value of the data series, quantile value, quantile range. To compare the groups, we used a nonparametric criterion for the difference between Friedman Anova, Kruskal-Wallis, and the median test, taking into account the effect of multiple comparisons. When processing statistical data, differences were considered significant at p < 0.05.
Results and discussion
Using a LIBRA 120 PLUS (Zeiss) transmission electron microscope with a built-in OMEGA filter for studying polymer samples and the Koehler illumination system, the microstructural features of the R.O.C.S. Active Calcium toothpaste influenced and not influenced by an electromagnetic field were studied.
The results of TEM confirm certain changes in the toothpaste microstructure under the electromagnetic field influence: the toothpaste polymer matrix particles densification and enlargement (Fig. 1a-f , Table 1 ).
Figure 1a-f shows that under the electromagnetic field influence, the toothpaste sample has a more ordered structure; it is more dispersed and has microstructural changes in comparison with the toothpaste without such an influence. The Fig. 1 The light-field TEM images of the toothpaste R.O.C.S. specimens a, d before the electromagnetic field exposure, b, e after the electromagnetic field, and c, f 3 months after the electromagnetic field exposure structure of the toothpaste subjected to an electromagnetic field becomes denser due to the reduced distance between the particles and the enlargement of their size; there is a distinct difference in comparison with the control group. The toothpaste from the control group has large gaps between the particles while the structure of the toothpaste exposed to an electromagnetic field is thicker and denser.
To confirm the obtained results, we analyzed the changes occurring in the toothpaste structure after the electromagnetic field influence including the determination of the particle size and the distance between them. The data are presented in Table 1 and Fig. 1a-f .
The data of Table 1 and Fig. 1a-f representing the microstructure of the R.O.C.S. toothpaste, DRC-Group, RussiaSwitzerland before and after the exposure to an electromagnetic field indicate the enlargement of the particles and the reduction in the distance between them in the toothpaste of the study group influenced by an electromagnetic field compared with the control group toothpaste without such an influence. The differences between the study groups based on this characteristic are statistically significant (p < 0.05).
The changes in the microstructure of the R.O.C.S. Active Calcium toothpaste on a polymer basis, DRC-Group, RussiaSwitzerland (× 500 nm) before and after the exposure to an electromagnetic field are the following: in the control group, the average size of the toothpaste particles was 36.49 ± 1.99 μm; in the study group, it was 41.27 ± 3.17 μm; 3 months later, it was 40.01 ± 3.39 μm, which indicates the particles enlargement in comparison with the control group. The distance between the toothpaste particles before the exposure was 56.41 ± 0.29 μm; after the exposure, it was 34.0 ± 2.68 μm in different parts of the visual field; 3 months later, it was 35.26 ± 2.75 μm, which indicates the densification of the toothpaste microstructure. The differences between the study and control groups based on this characteristic are statistically significant (p < 0.05) ( Table 1 , Fig. 1a-c) .
When studying the R.O.C.S. Active Calcium toothpaste, DRC-Group, Russia-Switzerland (× 200 nm), the enlargement of the particles and the densification of the toothpaste microstructure after the electromagnetic field action were also observed. Thus, in the control group, the average size of the particles was 41.95 ± 2.58 μm; in the study group, it was 46.32 ± 3.53 μm; 3 months later, it was 46.31 ± 3.51 μm. The distance between the toothpaste particles before the exposure was 40.13 ± 3.03 μm; after the exposure, it was 40.13 ± 3.03 μm; 3 months later, it was 40.39 ± 3.1 μm. The differences between the study and control groups based on this characteristic are statistically significant (p < 0.05) ( Table 1 , Fig. 1d-f) .
Thus, the achieved effect of the particles enlargement and the densification of the microstructure of the R.O.C.S. Active Calcium toothpaste after the exposure to an electromagnetic field remained unchanged after 3 months of the follow-up period.
The clinical studies included the TER test in patients at the initial stage of the examination, which contributed to the identification of a caries-susceptible group before the use of targeted controlled tooth cleaning. In the course of the study, a definite relationship between the TER test findings and the plaque cariogenicity degree was revealed. The table presents the examined patients' TER test results, making it possible to predict the tooth enamel resistance in patients (Table 2) .
According to the TER test, a moderate tooth enamel resistance to the acid buffer was mostly determined before controlled tooth cleaning and it was increased after it in the both groups. However, the effect in the study group using the R.O.C.S. Active Calcium toothpaste exposed to an electromagnetic field was more pronounced. In the second group using the R.O.C.S. Active Calcium toothpaste without such an influence, there were no significant changes ( Table 2) .
The study resulted in the fact that the majority of patients from the both groups had a medium level of dental plaque cariogenicity before controlled tooth cleaning and its decrease after the procedure. However, the effect in the study group using the R.O.C.S. Active Calcium toothpaste exposed to an electromagnetic field was more pronounced, which indicates the beneficial effect of therapeutic physical factors in terms of eliminating dental plaque cariogenicity. In the second group using the R.O.C.S. Active Calcium toothpaste without the electromagnetic field influence, the changes were not significantly pronounced (Table 2) .
To study the relief of the intact tooth enamel surface layer after controlled cleaning with the toothpaste with and without the electromagnetic field action, SEM was performed. In the electronic image (Fig. 2) , there were well-marked dental tubules lines in the form of tunnels penetrating into the enamel deep layers and surface evenly coated with the particles of the toothpaste treated with an electromagnetic field.
To assess the microchemical effect of the toothpaste, the enamel surface layer was scanned using the targeted X-ray spectrum microchemical analysis. In the study of the energy spectrum, we quantified the microelement composition of chemical elements on the tooth enamel surface of the study groups subjected to controlled cleaning using the R.O.C.S. Active Calcium toothpaste with and without the electromagnetic field action (Fig. 3a, b, Tables 3, 4) .
The scanning of the enamel surface layer after controlled tooth brushing with the toothpaste exposed to an electromagnetic field revealed a higher percentage of microelements characterizing the penetration of mineral components of the therapeutic R.O.C.S. Active Calcium toothpaste into the intercrystalline spaces of the enamel surface layer: an increase in the weight percentage of calcium, 18.27 ± 0.56; phosphorus, 10.58 ± 0.25; carbon, 29.35 ± 0.42; and magnesium, 0.7 ± 0.02 as the main components of the toothpaste.
The enamel surface layer turned out to be more saturated with mineral elements than the enamel layer without the electromagnetic field influence (Table 4) .
Any fundamental research should be based on comprehensive clinical studies (TER test and dental plaque cariogenicity), which allows evaluating the simplest variants of metabolic processes in hard dental tissues and planning more extensive research.
SEM and X-ray spectrum microchemical analysis (XRSA) of tooth enamel make it possible to estimate the level of hygienic and preventive remedies influence on the metabolic processes in enamel in the context of increasing its resistance to cariogenic factors.
Conclusions
The study analyzed the structural changes in consumable dental materials on a polymer basis including toothpastes. The obtained effect resulted in size increasing of the polymer base particles. Such a reaction can be predicted not only in toothpastes; similar effects were obtained in the study of polymer-based restorative materials for dental caries treatment.
But the same polymers are found in toothpastes. Our longterm studies of toothpastes (especially ones by DRC-Group) showed a pronounced activity of their components [4, 5] ; that was the reason why we took one of them for our study. Scanning electron microscopy and X-ray spectrum analysis of tooth enamel make it possible to estimate the level of hygienic and preventive remedies influence on the metabolic processes in enamel in the context of increasing its resistance to cariogenic factors. The analysis of the obtained data indicates the presence of changes occurring in the microstructural features of the toothpaste and physical-chemical properties of enamel under the influence of the therapeutic R.O.C.S. Active Calcium toothpaste treated with an electromagnetic field.
The result of the experimental part of the study was that we revealed certain changes in the properties of the R.O.C.S. Active Calcium toothpaste exposed to an electromagnetic field including microstructural transformations of the toothpaste: an increase in the size of the polymer matrix particles and a decrease in the distance between them confirmed by the electron microscopy findings and statistics.
Also, we have carried out a program calculation of electronic images to confirm the general tendency of particle enlargement by the Jeffries method [7] . According to the received results from electronic images, the tendency of particles enlargement after the electromagnetic exposure is maintained, as in the case of nonautomated counting. In Fig.  4a-f , there are the distribution curves of the light-field TEM images of toothpaste specimens. For samples a and d, the average particle size was 15 nm, and for samples b and e, it was 20 nm. As for the c and f images, there were two-mode distribution of particle sizes with a medium sizes predominance -20 and 80 nm. The differences between the study groups based on this characteristic are statistically significant (p < 0.05) (Fig. 4a-f) .
X-ray spectrum microanalysis made it possible to clarify the chemical composition of the tooth enamel surface layer, to reveal in details the concentration of micro-and macroelements of organic and inorganic nature, to trace the changes occurring in the course of controlled tooth cleaning with the R.O.C.S. Active Calcium toothpaste treated with an electromagnetic field.
When examining the samples of 12 tooth chippings by X-ray spectrum microanalysis and mapping following the preliminary exposure of the toothpaste to an electromagnetic field, an increase in the concentration of calcium, phosphorus, magnesium, and oxygen in the tooth enamel surface layer was recorded in the electronic image (Fig. 3a, Table 3 ) in the secondary emission mode, which was confirmed by the penetration and accumulation of the components of the R.O.C.S. Active Calcium toothpaste treated with an electromagnetic field in the intercrystalline spaces of the enamel surface according to the results of planar graphs coloring. Magnesium as a characteristic component of the toothpaste is visually accumulated in the enamel surface layer (Fig. 5c , Table 4 ).
The received results of the research have shown certain laws in change of physical and mechanical properties of toothpastes on a polymeric basis under the electromagnetic field influence. According to the TER test, there was an increase in the tooth enamel resistance and a reduction in plaque cariogenicity in the study group of patients using toothpaste treated with an electromagnetic field. The results of the conducted studies can find their application in terms of increasing caries prevention.
